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STABILIZED HYPOCHLOROUSACD 
SOLUTION AND USE THEREOF 

BACKGROUND OF THE INVENTION 

0001. In human patients undergoing abdominal Surgery, 
Gram-positive bacteria and/or Gram-negative bacteria, which 
are normally present in the intestine, can cross the intestinal 
wall and reach the circulation. During Surgery and/or preced 
ing Surgery, conditions such as fasting and ischaemia can be 
present which facilitate the bacterial translocation. In addi 
tion, the Surgical procedure itself may result in a disrupted 
intestinal barrier, particularly during abdominal Surgery. This 
translocation results in short and midterm complications 
including sepsis, bacteraemia, and endotoxaemia. Peritonitis, 
which is an inflammation of the peritoneum, also can result as 
a consequence of infection by microorganisms residing 
within the intestines which can be released during a Surgical 
procedure. 
0002 Sepsis (or septic shock or septicemia) is a disorder 
which occurs when a relatively large amount of micro-organ 
isms, or fragments thereof, enter the body. It is characterized 
as a systemic disease associated with the presence and per 
sistence of pathogenic micro-organisms or their toxins in the 
blood. The presence of endotoxins, such as lipopolysaccha 
ride (LPS), lipoteichoic acid (LTA) and/or peptidoglycan 
(PG), in the blood gives rise to a condition known as endot 
oxaemia or endotoxic shock. When the micro-organisms 
which have entered the blood are viable, this condition is also 
referred to as bacteraemia. 
0003. The intestine, especially the colon and the lowerpart 
of the small intestine, is a reservoir of LPS and Gram-negative 
bacteria, Such as the common inhabitant Escherichia coli, but 
also of LTA, PG and Gram-positive bacteria. The presence of 
Gram-negative and/or gram-positive bacteria and/or LPS 
and/or LTA and/or PG in the gut does not create any issues for 
a healthy individual. However, upon increase of the intestinal 
permeability or decrease of the intestinal integrity during or 
after Surgery, this can become a problem. Sepsis, bacteraemia 
and/or endotoxaemia lead to a prolonged hospital stay and 
thus increased costs and increased morbidity. It can also lead 
to multiple organ failure or even death. It is, therefore, of great 
importance to find a method to treat, and especially to prevent 
bacterial translocation and resulting infection during or 
shortly after Surgery. 

BRIEF SUMMARY OF THE INVENTION 

0004. The invention provides an antimicrobial solution 
comprising (a) hypochlorous acid, (b) a divalent cation, (c) 
phosphate anion, and (d) water. The invention also provides a 
process for the production of an antimicrobial solution com 
prising the steps of (i) providing a mixture comprising (a) a 
divalent cation, (b) a phosphate anion, (c) a pH-adjusting 
agent, and (d) water, and (ii) adding chlorine gas to the mix 
ture. The invention additionally provides a method of treating 
or preventing infection associated with abdominal Surgery on 
a mammal, comprising administering to the mammal an 
effective amount of an antimicrobial Solution comprising (a) 
hypochlorous acid, (b) a divalent cation, (c) phosphate anion, 
and (d) water. 

DETAILED DESCRIPTION OF THE INVENTION 

0005. The invention provides an antimicrobial solution 
comprising, consisting essentially of, or consisting of (a) 
hypochlorous acid, (b) a divalent cation, (c) phosphate anion, 
and (d) water. 
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0006. The solution contains hypochlorous acid. The 
hypochlorous acid can be prepared using any Suitable pro 
cess. In an embodiment, the hypochlorous acid can be pre 
pared by adding chlorine to water. In other embodiments, the 
hypochlorous acid can be prepared via electrochemical gen 
eration from an aqueous Sodium chloride Solution. In these 
embodiments, the hypochlorous acid can be prepared in a 
batch mode using a single chamber electrolysis cell, or the 
hypochlorous acid can be prepared in a continuous mode 
using a two- or three-chambered electrolysis cell. Examples 
of suitable three-chambered electrolysis cells are disclosed in 
U.S. Patent Application Publications 2005/0139808 A1 and 
2005/0142157 A1, the disclosure of which are incorporated 
totally herein by reference. 
0007. The solution can contain any suitable amount of 
hypochlorous acid. The solution can contain about 10 mg/L 
or more, about 20 mg/L or more, about 30 mg/L or more, 
about 40 mg/L or more, about 50 mg/L or more, about 60 
mg/L or more, about 70 mg/L or more, about 80 mg/L or 
more, about 90 mg/L or more, or about 100 mg/L or more of 
hypochlorous acid. Alternatively, or in addition, the Solution 
can contain about 500 mg/L or less, about 450 mg/L or less, 
about 400 mg/L or less, about 350 mg/L or less, about 300 
mg/L or less, about 250 mg/L or less, about 200 mg/L or less, 
or about 150 mg/L or less of hypochlorous acid. Thus, the 
Solution can contain hypochlorous acid in an amount 
bounded by any two of the aforementioned endpoints. For 
example, the solution can contain about 10 mg/L to about 500 
mg/L, about 10 mg/L to about 400 mg/L, about 10 mg/L to 
about 300 mg/L, about 10 mg/L to about 200 mg/L, about 20 
mg/L to about 200 mg/L, about 30 mg/L to about 200 mg/L, 
about 40 mg/L to about 200 mg/L, about 50 mg/L to about 200 
mg/L, about 50 mg/L to about 150 mg/L, or about 100 mg/L 
to about 150 mg/L of hypochlorous acid. 
0008. The solution contains a divalent cation. In certain 
embodiments, the divalent cation is magnesium, calcium, or a 
combination thereof. In certain embodiments, the divalent 
cation is magnesium. In certain embodiments, the divalent 
cation is calcium. In certain preferred embodiments, the diva 
lent cation is magnesium. 
0009. The divalent cation can be provided as a component 
of any Suitable compound. In certain embodiments, the diva 
lent cation is a component of a salt. The salt can be any 
Suitable salt. For example, the salt may comprise the divalent 
cation as the cationic component thereof and an anionic com 
ponent selected from Sulfate, nitrate, hydroxide, carbonate, 
hydrogencarbonate, halide (e.g., chloride, bromide, iodide, or 
fluoride), sulfonate, alkylsulfonate, and the like. In certain 
preferred embodiments, the salt comprises sulfate as the 
anionic component. In certain more preferred embodiments, 
the salt is magnesium Sulfate or calcium sulfate, or a combi 
nation thereof 

0010. The solution can contain any suitable amount of the 
divalent cation. The solution can contain about 20 mg/L or 
more, about 30 mg/L or more, about 40 mg/L or more, about 
50 mg/L or more, about 60 mg/L or more, about 70 mg/L or 
more, about 80 mg/L or more, about 90 mg/L or more, or 
about 100 mg/L or more of the divalent cation. Alternatively, 
or in addition, the solution can contain about 250 mg/L or 
less, about 225 mg/L or less, about 200 mg/L or less, about 
175 mg/L or less, about 150 mg/L or less, or about 250 mg/L 
or less, about 200 mg/L or less, or about 150 mg/L or less of 
the divalent cation. 
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0011. Accordingly, the solution can contain the divalent 
cation in an amount bounded by any two of the aforemen 
tioned endpoints. For example, the solution can contain about 
20 mg/L to about 250 mg/L, about 20 mg/L to about 225 
mg/L, about 20 mg/L to about 200 mg/L, about 20 mg/L to 
about 175 mg/L, about 20 mg/L to about 150 mg/L, about 30 
mg/L to about 200 mg/L, about 40 mg/L to about 200 mg/L, 
about 50 mg/L to about 200 mg/L, about 50 mg/L to about 150 
mg/L, about 75 mg/L to about 125 mg/L, or about 100 mg/L 
to about 150 mg/L of the divalent cation. 
0012. The solution contains phosphate anion. The phos 
phate anion can be provided using any suitable source of 
phosphate anion. As is well known in the art, phosphate 
anions are derived from phosphorous acid and can be phos 
phate anion (PO), hydrogenphosphate anion (HPO), or 
dihydrogenphosphate anion (H2PO). The phosphate anion 
can be provided as a component of any suitable compound. In 
certain embodiments, the phosphate anion is a component of 
a salt. The salt can be any suitable salt. For example, the salt 
may comprise the phosphate anion as the anionic component 
thereof and a cationic component selected from alkali metal 
(e.g., Li, Na, K), ammonium, and the like. In certain preferred 
embodiments, the salt comprises sodium as the cationic com 
ponent. In certain more preferred embodiments, the salt is 
Sodium dihydrogen phosphate. The Salt can be anhydrous or 
can be a hydrate (e.g., Sodium dihydrogen phosphate mono 
hydrate). 
0013 The solution can contain any suitable amount of the 
phosphate anion. In this regard, the amount of phosphate 
anion is calculated on the basis of phosphate anion formu 
lated as PO. Thus, for example, the amount of the source of 
phosphate anion used in the antimicrobial Solution is calcu 
lated to provide the amount of phosphate anion formulated as 
PO, as recited herein. The solution can contain about 200 
mg/L or more, about 220 mg/L or more, about 240 mg/L or 
more, about 260 mg/L or more, about 280 mg/L or more, 
about 300 mg/L or more, about 320 mg/L or more, about 340 
mg/L or more, about 360 mg/L or more, about 380 mg/L or 
more, or about 400 mg/L or more of the phosphate anion. 
Alternatively, or in addition, the solution can contain about 
1000 mg/L or less, about 900 mg/L or less, about 800 mg/L or 
less, about 700 mg/L or less, about 600 mg/L or less, about 
580 mg/L or less, about 560 mg/L or less, about 540 mg/L or 
less, about 520 mg/L or less, or about 500 mg/L or less, about 
480 mg/L or less, about 460 mg/L or less, about 440 mg/L or 
less, about 420 mg/L or less, or about 400 mg/L or less of the 
phosphate anion. 
0014. Accordingly, the Solution can contain the phosphate 
anion in an amount bounded by any two of the aforemen 
tioned endpoints. For example, the solution can contain about 
200 mg/L to about 1000 mg/L, about 200 mg/L to about 900 
mg/L, about 200 mg/L to about 800 mg/L, about 200 mg/L to 
about 700 mg/L, about 200 mg/L to about 600 mg/L, about 
200 mg/L to about 580 mg/L, about 200 mg/L to about 560 
mg/L, about 200 mg/L to about 540 mg/L, about 200 mg/L to 
about 520 mg/L, about 200 mg/L to about 500 mg/L, or about 
300 mg/L to about 500 mg/L of the phosphate anion. 
0015 The solution optionally further comprises chloride 
ion. The chloride ion can be provided by any suitable source 
of chloride ion. For example, the chloride ion can be provided 
in the form of an added salt. In certain embodiments, the 
hypochlorous acid is generated in situ by the addition of 
chlorine gas to water. The chlorine gas reacts with water to 
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produce hypochlorous acid and one equivalent of chloride ion 
in the form of hydrochloric acid: Cl+H2O->HOC1+HC1. 
0016. The solution can contain any suitable amount of 
chloride ion. The solution can containabout 10 mg/L or more, 
about 20 mg/L or more, about 30 mg/L or more, about 40 
mg/L or more, about 50 mg/L or more, about 60 mg/L or 
more, about 70 mg/L or more, about 80 mg/L or more, about 
90 mg/L or more, or about 100 mg/L or more of chloride ion. 
Alternatively, or in addition, the solution can contain about 
300 mg/L or less, about 280 mg/L or less, about 260 mg/L or 
less, about 240 mg/L or less, about 220 mg/L or less, or about 
200 mg/L or less of chloride ion. Thus, the solution can 
contain chloride ion in an amount bounded by any two of the 
aforementioned endpoints. For example, the solution can 
contain about 10 mg/L to about 300 mg/L, about 20 mg/L to 
about 280 mg/L, about 30 mg/L to about 260 mg/L, about 40 
mg/L to about 240 mg/L, about 50 mg/L to about 220 mg/L, 
or about 60 mg/L to about 200 mg/L of chloride ion. 
0017. The solution has a pH of about 3 or more, about 3.5 
or more, or about 4.5 or more. Alternatively, or in addition, the 
solution has a pH of about 7 or less, about 6.5 or less, about 6 
or less, or about 5.5 or less. Thus, the solution can have a pH 
bounded by any two of the aforementioned endpoints. For 
example, the solution can have a pH of about 3 to about 7. 
about 3 to about 6.5, about 3 to about 6, about 3 to about 5.5, 
about 3.5 to about 7, about 3.5 to about 6.5, about 3.5 to about 
6, about 3.5 to about 5.5, about 4 to about 7, about 4 to about 
6.5, about 4 to about 6, about 4 to about 5.5, about 4.5 to about 
7, about 4.5 to about 6.5, about 4.5 to about 6, or about 4.5 to 
about 5.5. 
0018. The solution optionally comprises a compound 
capable of adjusting and/or buffering the pH. The compound 
capable of adjusting and/or buffering the pH can be selected 
from the group consisting of alkali metal salts, carboxylic 
acids, alkali metal hydroxides, alkali metal carbonates, alkali 
metal bicarbonates, borates, and mixtures thereof. In certain 
preferred embodiments, the compound capable of adjusting 
and/or buffering the pH is an alkali metal hydroxide, for 
example, Sodium hydroxide. 
0019. In certain preferred embodiments, the solution com 
prises (a) about 10 mg/L to about 500 mg/L of hypochlorous 
acid, (b) magnesium Sulfate in an amount Sufficient to provide 
about about 20 mg/L to about 250 mg/L of magnesium, (c) 
Sodium dihydrogen phosphate is present in an amount Suffi 
cient to provide about 200 mg/L to about 1000 mg/L of 
phosphate anion formulated as PO, (d) about 20 mg/L to 
about 100 mg/L of chloride ion, and (e) water, wherein the 
solution has a pH of about 3 to about 7. 
0020. It is believed that the phosphate anion can provide 
buffering of the pH of the antimicrobial solution to a preferred 
pH range. However, a significant amount of phosphate anion 
is required to exhibit buffering activity at this pH range. It is 
known that phosphate anion increases the degradation rate of 
hypochlorous acid. It has been unexpectedly found that the 
combination of divalent cation and phosphate anion allows 
for a reduction in the amount of phosphate anion required to 
provide a buffering action and further exhibits a significantly 
reduced rate of hypochlorous acid degradation. 
0021. The antimicrobial solution of the present invention 

is generally stable for at least twenty-hours, and typically at 
least two days. More typically, the solution is stable for at 
least one week (e.g., one week, two weeks, three weeks, four 
weeks, etc.), and preferably at least two months. More pref 
erably, the solution is stable for at least six months after its 
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preparation. Even more preferably, the solution is stable for at 
least one year, and most preferably for at least three years. 
0022. As used herein, the term stable generally refers to 
the ability of the antimicrobial water solution to remain suit 
able for its intended use, for example, in Surgical applications, 
decontamination, disinfection, Sterilization, anti-microbial 
cleansing, and wound cleansing, for a specified period of time 
after its preparation under normal storage conditions (i.e., 
room temperature). In this regard, the antimicrobial Solution 
of the present invention is also stable when stored under 
accelerated conditions, typically about 30°C. to about 60°C., 
for at least 90 days, and preferably 180 days. 
0023 The concentrations of ionic and other species 
present in solution are generally maintained during the shelf 
life of the antimicrobial solution. Typically, the concentration 
of hypochlorous acid is maintained at about 70% or greater 
from its initial concentration for at least two months after 
preparation of the antimicrobial solution. Preferably, this 
concentration is maintained at about 80% or greater of its 
initial concentration for at least two months after preparation 
of the solution. More preferably, this concentration is at about 
90% or greater of ita initial concentration for at least two 
months after preparation of the solution, and most preferably, 
about 95% or greater. 
0024. The stability of the antimicrobial solution of the 
present invention may be determined based on the reduction 
in the amount of live microorganisms present in a sample 
following exposure to the solution. The measurement of the 
reduction of organism concentration may be carried out using 
any Suitable organism including bacteria, fungi, yeasts, or 
viruses, as described herein. The low pH antimicrobial solu 
tion is useful as both a low-level disinfectant capable of a four 
log (10) reduction in the concentration of live microorgan 
isms and a high-level disinfectant capable of a six log (10) 
reduction in concentration of live microorganisms. 
0025. In one embodiment of the present invention, the 
antimicrobial Solution is capable of yielding at least a four log 
(10) reduction in total organism concentration following 
exposure for one minute, when measured at least two months 
after preparation of the solution. Preferably, the solution is 
capable of Such a reduction of organism concentration when 
measured at least six months after preparation of the solution. 
More preferably, the solution is capable of such a reduction of 
organism concentration when measured at least one year after 
preparation, and most preferably when measured at least 
three years after preparation. 
0026. In another embodiment the present invention, the 
antimicrobial Solution is capable of yielding at least a six log 
(10) reduction in total organism concentration within one 
minute of exposure, when measured at least two months after 
preparation of the solution. Preferably, the solution is capable 
of achieving this reduction when measured at least six months 
after preparation, and more preferably at least one year after 
preparation. Preferably, the solution is capable of at least a 
seven log (107) reduction in the concentration of live micro 
organisms within one minute of exposure, when measured at 
least two months after preparation. 
0027. The invention also provides a pharmaceutical com 
position comprising the antimicrobial Solution and a pharma 
ceutically acceptable carrier. The antimicrobial Solution can 
be administered alone or in combination with one or more 
pharmaceutically acceptable carriers, e.g., vehicles, adju 
vants, excipients, diluents, combinations thereof, and the like, 
which are preferably compatible with one or more of the 
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species that exist in the antimicrobial solution. One skilled in 
the art can easily determine the appropriate formulation and 
method for administering the antimicrobial solution used in 
accordance with the present invention. For instance, the use of 
a gel based formulation containing the antimicrobial Solution 
can be used to maintain hydration of the abdominal cavity 
while providing a barrier against microorganisms. Suitable 
gel formulations are described, e.g., in U.S. Patent Applica 
tion Publication No. US 2005/0142157 A1 (hereby incorpo 
rated by reference). Any necessary adjustments in dose can be 
readily made by a skilled practitioner to address the nature 
and/or severity of the condition being treated in view of one or 
more clinically relevant factors, such as, e.g., side effects, 
changes in the patients overall condition, and the like. 
0028. For example, the antimicrobial solution can be for 
mulated by combining or diluting the HOCl water solution 
with about 25% (wt./wt. or vol./vol.) of a suitable carrier, 
about 50% (wt./wt. or vol./vol.) of a suitable carrier, about 
75% (wt.?wt. or vol./vol.) of a suitable carrier, about 90% 
(wt./wt. or vol./vol.) of a suitable carrier, about 95% (wt./wt. 
or vol./vol.) of a suitable carrier, or even with about 99% 
(wt./wt. or vol./vol.) or more of a suitable carrier. Suitable 
carriers can include, e.g., water (e.g., distilled water, sterile 
water, e.g., sterile water for injection, sterile saline and the 
like). Suitable carriers also can include one or more carriers 
described in U.S. patent application Ser. No. 10/916,278 
(hereby incorporated by reference). Exemplary formulations 
can include, e.g., Solutions in which the antimicrobial solu 
tion is diluted with sterile water or sterile saline, wherein the 
antimicrobial solution is diluted by about 25% (vol./vol.), by 
about 50% (vol/vol.), by about 75% (vol.?vol.), by about 90% 
(vol./vol.), by about 95% (vol./vol.), or by 99% (vol.?vol.) or 
more, depending on the therapeutic application and/or any 
other therapeutically relevant factors. 
0029. The antimicrobial solution and pharmaceutical 
compositions comprising the same can be sterilized prior to 
or after packaging. For example, the sterilization can be car 
ried out by autoclaving at an elevated temperature for a period 
of time (e.g., at 121°C. for 40 min). 
0030 The invention also provides a process for the pro 
duction of an antimicrobial Solution comprising the steps of 
(i) providing a mixture comprising (a) a divalent cation, (b) a 
phosphate anion, (c) a pH-adjusting agent, and (d) water, and 
(ii) adding chlorine gas to the mixture. The components can 
be provided in any order. For example the divalent cation, 
phosphate anion, pH-adjusting agent, and water can be com 
bined in any order. The chlorine gas can be added to the 
mixture before, during, or after the addition of any other of the 
components. Optional chloride ion can be added at any stage 
of the process. As discussed herein, chlorine gas reacts with 
water to produce hypochlorous acid and hydrochloric acid. 
Hydrochloric acid reacts with the pH-adjusting agent to pro 
duce water and chloride ions. In an embodiment, the chlorine 
gas is bubbled into the solution, either prior to addition of the 
additional components, after addition of one or more of the 
additional components, or after addition of all of the addi 
tional components. 
0031. The process can be carried out in a batch mode or in 
a continuous mode. For example, the process can be carried 
out in a flow apparatus in which the components of the solu 
tion can be added in the form of solutions, while chlorine gas 
is bubbled into the flow stream. Alternatively, the chlorine gas 
can be added to water, and the resulting solution introduced 
into the flow apparatus at any suitable point. 
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0032. In another embodiment, the invention provides a 
process for the production of an antimicrobial solution com 
prising the steps of (i) providing a mixture comprising 
hypochlorous acid and water, and (ii) adding (a) a divalent 
cation, (b) a phosphate anion, and (c) a pH-adjusting agent to 
the mixture. 

0033. The hypochlorous acid can be prepared using any 
Suitable process as discussed herein in connection with the 
inventive antimicrobial solution. In an embodiment, the 
hypochlorous acid can be prepared by adding chlorine to 
water. In other embodiments, the hypochlorous acid can be 
prepared via electrochemical generation from an aqueous 
Sodium chloride Solution using a single chamber cell or using 
two- and three-chambered cells. In some embodiments, 
arrangements comprising multiple cells can be utilized to 
provide the hypochlorous acid. 
0034. The other components, i.e., the divalent cation, the 
phosphate anion, and the pH-adjusting agent, and compounds 
comprising the aforesaid components, can be provided in the 
form of Solids or in the form of solutions comprising the 
aforesaid components. The components may be mixed using 
any Suitable method capable of incorporating the components 
into the Solution. For example, a mixture comprising the 
components may be stirred in a vessel for a time Sufficient to 
incorporate the components into the Solution. 
0035. Following its preparation, the antimicrobial solu 
tion of the present invention may be transferred to a sealed 
container for distribution and sale to end users such as, for 
example, health care facilities including hospitals, nursing 
homes, doctor offices, outpatient Surgical centers, dental 
offices, and the like. Any suitable sealed container may be 
used that maintains the sterility and stability of the antimicro 
bial solution held by the container. The container may be 
constructed of any material that is compatible with the solu 
tion and should be generally non-reactive so that the ions 
present in the solution do not react with the container to any 
appreciable extent. 
0036 Preferably, the container is constructed of plastic or 
glass. The plastic may be rigid so that the container is capable 
of being stored on a shelf. Alternatively, plastic may be flex 
ible, such as a flexible bag. 
0037 Suitable plastics include polypropylene, polyethyl 
ene terephthalate (PET), polyolefin, cycloolefin, polycarbon 
ate, ABS resin, polyethylene, polyvinyl chloride, and mix 
tures thereof. Preferably, the container comprises 
polyethylene selected from the group consisting of high 
density polyethylene (HDPE), low-density polyethylene 
(LDPE), and linear low-density polyethylene (LLDPE). Most 
preferably, the containeris high density polyethylene or poly 
ethylene terephthalate. 
0038. The container has an opening to permit dispensing 
of the low pH antimicrobial solution. The container opening 
may be sealed in any Suitable manner. For example, the con 
tainer may be sealed with a twist-off cap or stopper. Option 
ally, the opening may be further sealed with a foil layer. 
0039. The headspace gas of the sealed container may be air 
or other suitable gas that does not react with the low pH 
antimicrobial solution. Suitable headspace gases included 
nitrogen, oxygen, and mixtures thereof 
0040. The antimicrobial solution can be provided in the 
form of a kit comprising the antimicrobial solution, by itself 
or in the form of a composition comprising the same, and 
further including instructions for the use thereof 
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0041. The invention also provides a method of treating or 
preventing infection associated with abdominal Surgery on a 
mammal, comprising administering to the mammal an effec 
tive amount of the antimicrobial Solution or the pharmaceu 
tical composition as described herein. In certain embodi 
ments, the Surgery is inguinal hernia Surgery, exploratory 
laparotomy, appendectomy, or laparoscopy. 
0042. The term abdominal surgery broadly covers surgical 
procedures that involve opening the abdomen. The most com 
mon abdominal Surgeries include inguinal hernia Surgery, 
exploratory laparotomy, appendectomy, and laparoscopy. 
Inguinal hernia Surgery refers to the repair of an inguinal 
hernia. Exploratory laparotomy refers to the opening of the 
abdominal cavity for direct examination of the contents 
thereof, for example, to locate a source of bleeding or the 
location of a trauma. The procedure may or may not be 
followed by repair or removal of the source of the primary 
problem. Appendectomy refers to Surgical opening of the 
abdominal cavity and removal of the appendix. Laparoscopy 
refers to a minimally invasive approach to abdominal Surgery 
wherein tubes and other instruments are inserted into the 
abdominal cavity via Small incisions. The most common lap 
aroscopic procedure is cholecystectomy (gallbladder 
removal), but many other procedures are also performed 
using laparascopic techniques, for example, various gyneco 
logical procedures. 
0043 Advantageously, use of the inventive antimicrobial 
Solution during abdominal Surgery prevents or treats infection 
associated with abdominal Surgery. 
0044. In accordance with certain embodiments, a thera 
peutically effective amount of the antimicrobial solution can 
be administered by delivering the antimicrobial solution to 
the abdominal cavity using any Suitable delivery method, to 
treat or prevent infections. Atherapeutically effective amount 
of the antimicrobial can be delivered to the patient’s abdomi 
nal cavity intra-operatively, laproscopically, or transabdomi 
nally. The antimicrobial Solution can be delivered, e.g., to 
peritoneal tissue Susceptible for developing an infection (e.g., 
as a result of Surgery, laparoscopic-diagnostic procedures, 
injury, infection, disease, allergic reaction, contact with one 
or more chemical irritants, or proximity to impaired, dam 
aged and/or infected tissue, and the like). 
0045 Abdominal lavage, e.g., repeated flushings of the 
abdominal cavity, with the antimicrobial solution can be used 
to perform the method of the present invention. The antimi 
crobial solution can be retained in the abdominal cavity for 
any suitable length of time, e.g., a period of time effective to 
provide a therapeutic response, which can be seconds, min 
utes, hours, or days. In one embodiment, the present invention 
provides a method of treating or preventing infection, which 
method includes gaining access to the abdominal space, e.g., 
Surgically or transabdominally; delivering to the patients 
abdominal cavity of a therapeutically effective amount of the 
antimicrobial Solution, e.g., about 1-10 liters, allowing the 
water to remain in the abdominal cavity for a period of time 
Sufficient to effectuate a therapeutic response, e.g., seconds, 
minutes, or hours; optionally removing the antimicrobial 
Solution from the abdominal cavity; optionally, removing the 
antimicrobial solution from the abdominal cavity; optionally, 
delivering saline or other physiologic solution prior or after 
delivering the antimicrobial solution; and optionally, repeat 
ing the abdominal lavage for as many times as necessary. 
0046 Atherapeutically effective amount of the antimicro 
bial solution can be delivered to the abdominal cavity, e.g., by 



US 2016/01 20183 A1 

gravity (e.g., by pouring or dispensing the antimicrobial solu 
tion from a container or device) or by delivering the antimi 
crobial Solution under pressure (e.g., by spraying). One or 
more flushings of the abdominal cavity can be performed, i.e., 
the abdominal cavity can be “lavaged.” The antimicrobial 
Solution can be retained in the abdominal cavity for any 
Suitable length of time, e.g., a period of time effective to 
provide a therapeutic response, e.g., seconds, minutes, hours, 
or days, and optionally removed using any suitable method. 
Suitable methods of removal can include, e.g., allowing the 
antimicrobial solution to be naturally absorbed into one or 
more Surrounding tissues, blotting with one or more absor 
bent materials (e.g., gauze, sponge, towel, or mesh), removal 
by Suction, and the like, and combinations thereof 
0047. The inventive method can treat or prevent infection 
caused by any suitable microorganism. In certain embodi 
ments, the inventive method treats or prevents infection 
caused by an organism selected from methicilln-resistant S. 
aureus, E. coli, P. aeruginosa, Vancomycin-resistant Entero 
coccus, P. mirabilis, S. marcescens, and C. albicans. 

0048. A surgeon can assess the effectiveness of the treat 
ment using methods commonly known in the art. For 
example, a Surgeon or other physician can perform examina 
tion of fluids or tissues obtained from the abdominal cavity 
for the presence of absence of infections microorganisms. In 
other embodiments, the Surgeon or physician can assess the 
mammal for secondary indications of infection Such as, 
increased body temperature, increase in white blood cell 
count, and the like. 
0049. The therapeutically effective amount administered 
to the patient, e.g., a mammal, particularly a human, in the 
context of the present invention should be sufficient to affect 
a therapeutic or prophylactic response in the patient over a 
reasonable time frame. The dose can be readily determined 
using methods that are well known in the art. One skilled in 
the art will recognize that the specific dosage level for any 
particular patient will depend upon a variety of potentially 
therapeutically relevant factors. For example, the dose can be 
determined based on the strength of the particular antimicro 
bial solution employed, the severity of the condition, the body 
weight of the patient, the age of the patient, the physical and 
mental condition of the patient, general health, sex, diet, and 
the like. The size of the dose also can be determined based on 
the existence, nature, and extent of any adverse side effects 
that might accompany the administration of a particular anti 
microbial solution. It is desirable, whenever possible, to keep 
adverse side effects to a minimum. 

0050 Factors, which can be taken into account for a spe 
cific dosage can include, for example, bioavailability, meta 
bolic profile, time of administration, route of administration, 
rate of excretion, the pharmacodynamics associated with a 
particular HOCl water solution in a particular patient, and the 
like. Other factors can include, e.g., the potency or effective 
ness of the HOCl water solution with respect to the particular 
condition to be treated, the severity of the symptoms pre 
sented prior to, during or following the course of therapy, and 
the like. In some instances, what constitutes a therapeutically 
effective amount also can be determined, in part, by the use of 
one or more of the assays, e.g., bioassays, which are reason 
ably clinically predictive of the efficacy of a particular HOCl 
water solution for the treatment or prevention of a particular 
condition. 

May 5, 2016 

0051. The following examples further illustrate the inven 
tion but, of course, should not be construed as in any way 
limiting its scope. 

EXAMPLE 1. 

0052. This example demonstrates a process for the prepa 
ration of the antimicrobial solution, in accordance with an 
embodiment of the invention. 
0053 Process water was added to a reaction vessel. Next, 
Sodium phosphate monobasic monohydrate, magnesium Sul 
fate heptahydrate, and 5N sodium hydroxide were added. 
After stirring for a period of time to allow for mixing, chlorine 
gas was bubbled through the reaction mixture. The reaction 
mixture was monitored for the amount of chlorine present in 
the reaction mixture. Additional chlorine was added as nec 
essary to achieve the target hypochlorous acid content. The 
pH of the reaction mixture was then adjusted by the addition 
of 5N sodium hydroxide to achieve a pH of 3.4–5.5. 
0054 The composition of the resulting antimicrobial solu 
tion is set forth in Table 1. 

TABLE 1 

Component mg/L. % 

Water na 99.920 
Sodium 142 O.O14 
Magnesium 98 O.O10 
Chloride 72 O.007 
Phosphate 384 O.O38 
Hypochlorous acid 106 O.O11 

EXAMPLE 2 

0055. This example demonstrates the stability of the 
inventive antimicrobial Solution, in accordance with an 
embodiment of the invention. 
0056 Solutions A-F were prepared comprising about 106 
mg/L of hypochlorous acid at a pH of 5.5 and having different 
amounts of sodium dihydrogenphosphate and magnesium 
Sulfate as shown in Table 2. The solutions were aged in glass 
containers at 80°C. for 130 h. The pH drop was determined, 
and the results set forth in Table 2. 

TABLE 2 

pH 
Solution NaHPO (grams) MgSO47H2O (grams) drop (pH units) 

A. O.122 1.33 O.33 
B O.245 1.33 O.12 
C O.367 1.33 O.08 
D O.245 O443 O.19 
E O.245 O.887 O16 
F O.245 1.333 O.12 

0057. As is apparent from the results set forth in Table 2, 
increasing the amount of sodium dihydrogenphosphate from 
Solution A to Solution C at a constant level of magnesium 
sulfate reduced the pH drop of the solution from 0.33 to 0.08. 
Increasing the amount of magnesium Sulfate from Solution D 
to Solution F at a constant level of sodium dihydrogenphos 
phate reduced the pH drop of the solution from 0.19 to 0.12. 
The small drop in pH observed for all of the solutions is 
indicative of the stability of the inventive antimicrobial solu 
tion. 
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EXAMPLE 3 

0058. This example demonstrates the antimicrobial activ 
ity of the inventive antimicrobial solution. 
0059 An antimicrobial solution prepared in accordance 
with an embodiment of the invention was tested against 
methicillin-resistant S. aureus (MRSA), E. coli, P. aerugi 
nosa, Vancomycin-resistant Enterococcus, P. mirabilis, S. 
marcescens, and C. albicans. The log reductions at contact 
times of 30 sec, 1 min, 2, min, 5 min, and 10 min were 
determined, and the results set forth in Table 3. 

TABLE 3 

Contact Times (log reduction % Bacterial 

Bacteria 30 s 1 min 2 min 5 min 10 min reduction 

MRSA 8.5 8.5 8.5 8.5 8.5 99.9999997 
E. coi 8.4 8.4 8.4 8.4 8.4 99.9999996 
Paeruginosa 8.2 8.2 8.2 8.2 8.2 99.9999993 
VRE 8.1 8.1 8.1 8.1 8.1 99.9999993 
P. mirabilis 8.3 8.3 8.3 8.3 8.3 99.9999995 
S. marceScens 8.8 8.8 8.8 8.8 8.8 99.9999999 
C. albicans 7.1 7.1 7.1 7.1 7.1 99.9999929 

0060 All references, including publications, patent appli 
cations, and patents, cited herein are hereby incorporated by 
reference to the same extent as if each reference were indi 
vidually and specifically indicated to be incorporated by ref 
erence and were set forth in its entirety herein. 
0061. The use of the terms “a” and “an and “the and 
similar referents in the context of describing the invention 
(especially in the context of the following claims) are to be 
construed to cover both the singular and the plural, unless 
otherwise indicated herein or clearly contradicted by context. 
The terms “comprising.” “having,” “including,” and “con 
taining are to be construed as open-ended terms (i.e., mean 
ing “including, but not limited to.) unless otherwise noted. 
Recitation of ranges of values herein are merely intended to 
serve as a shorthand method of referring individually to each 
separate value falling within the range, unless otherwise indi 
cated herein, and each separate value is incorporated into the 
specification as if it were individually recited herein. All 
methods described herein can be performed in any suitable 
order unless otherwise indicated herein or otherwise clearly 
contradicted by context. The use of any and all examples, or 
exemplary language (e.g., “Such as') provided herein, is 
intended merely to better illuminate the invention and does 
not pose a limitation on the scope of the invention unless 
otherwise claimed. No language in the specification should be 
construed as indicating any non-claimed element as essential 
to the practice of the invention. 
0062 Preferred embodiments of this invention are 
described herein, including the best mode knownto the inven 
tors for carrying out the invention. Variations of those pre 
ferred embodiments may become apparent to those of ordi 
nary skill in the art upon reading the foregoing description. 
The inventors expect skilled artisans to employ such varia 
tions as appropriate, and the inventors intend for the invention 
to be practiced otherwise than as specifically described 
herein. Accordingly, this invention includes all modifications 
and equivalents of the Subject matter recited in the claims 
appended hereto as permitted by applicable law. Moreover, 
any combination of the above-described elements in all pos 
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Incubation 

time (h) 

24.5 
24 
25 
24 
57 
24.5 
22.5 

sible variations thereof is encompassed by the invention 
unless otherwise indicated herein or otherwise clearly con 
tradicted by context. 

1. An antimicrobial Solution comprising: 
(a) about 10 mg/L to about 500 mg/L of hypochlorous acid, 
(b) about 20 mg/L to about 250 mg/L of a divalent cation 

Selected from calcium, magnesium, and a combination 
thereof, 

(c) about 200 mg/L to about 1000 mg/L of a phosphate 
anion formulated as PO, and 

(d) water, 
wherein the solution has a pH of about 3 to about 7. 

2. (canceled) 
3. The solution of claim 1, wherein the solution comprises 

about 50 mg/L to about 250 mg/L of hypochlorous acid. 
4.-6. (canceled) 
7. The solution of claim 1, wherein the magnesium is 

provided by magnesium Sulfate and the calcium is provided 
by calcium Sulfate. 

8.-9. (canceled) 
10. The solution of claim 1, wherein the phosphate anion is 

provided by Sodium dihydrogen phosphate. 
11. (canceled) 
12. The solution of claim 1, wherein the solution further 

comprises about 10 mg/L to about 400 mg/L of chloride ion. 
13.-14. (canceled) 
15. The solution of claim 1, wherein the solution com 

prises: 
(a) about 10 mg/L to about 500 mg/L of hypochlorous acid, 
(b) magnesium sulfate in an amount Sufficient to provide 

about 20 mg/L to about 250 mg/L of magnesium, 
(c) sodium dihydrogen phosphate is present in an amount 

sufficient to provide about 200 mg/L to about 1000 mg/L 
of phosphate anion formulated as PO, 

(d) about 20 mg/L to about 100 mg/L of chloride ion, and 
(e) water, 

wherein the solution has a pH of about 4.5 to about 5.5. 
16. (canceled) 
17. A pharmaceutical composition comprising the Solution 

of claim 1 and a pharmaceutically acceptable carrier. 



US 2016/01 20183 A1 

18. A sealed container comprising the Solution of claim 1, 
or the composition of claim 17. 

19. (canceled) 
20. A process for the production of an antimicrobial solu 

tion comprising the steps of 
(i) providing a mixture comprising (a) about 20 mg/L to 

about 250 mg/L of a divalent cation selected from mag 
nesium, calcium, and a combination thereof, (b) about 
200 mg/L to about 1000 mg/L of a phosphate anion 
formulated as PO, (c) a pH-adjusting agent, and (d) 
water, and 

(ii) adding chlorine gas to the mixture 
wherein the process produces a solution comprising 
hypochlorous acid in an amount from about 10 mg/L to about 
500 mg/L and having a pH from about 3 to about 7. 

21.-23. (canceled) 
24. The process of claim 20, wherein the process produces 

a solution comprising hypochlorous acid in an amount from 
about 50 mg/L to about 250 mg/L. 

25-27. (canceled) 
28. The process of claim 27, wherein the magnesium is 

provided by magnesium Sulfate and the calcium is provided 
by calcium Sulfate. 

29.-30. (canceled) 
31. The process of claim 20, wherein the phosphate anion 

is provided by Sodium dihydrogen phosphate. 
32. (canceled) 
33. The process of claim 20, wherein the solution further 

comprises about 20 mg/L to about 100 mg/L of chloride ion. 
34. The process of claim 20, wherein the chlorine gas is 

bubbled into the buffer solution. 
35. (canceled) 
36. A process for the production of an antimicrobial solu 

tion comprising the steps of 
(i) providing a mixture comprising hypochlorous acid and 

water, and 
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(ii) adding (a) about 20 mg/L to about 250 mg/L of a 
divalent cation selected from magnesium, calcium, and a 
combination thereof, (b) about 200 mg/L to about 1000 
mg/L of a phosphate anion formulated as PO, and (c) 
a pH-adjusting agent to the mixture. 

wherein the process produces a solution comprising 
hypochlorous acid in an amount from about 10 mg/L to about 
500 mg/L and having a pH from about 3 to about 7. 

37. The process of claim 36, wherein the hypochlorous acid 
is electrochemically generated. 

38.-40. (canceled) 
41. The process of claim 36, wherein the process produces 

a solution comprising hypochlorous acid in an amount from 
about 50 mg/L to about 250 mg/L. 

42.-44. (canceled) 
45. The process of claim 36, wherein the magnesium is 

provided by magnesium Sulfate and the calcium is provided 
by calcium Sulfate. 

46.-47. (canceled) 
48. The process of claim 36, wherein the phosphate anion 

is provided by Sodium dihydrogen phosphate. 
49. (canceled) 
50. The process of claim 36, wherein the solution further 

comprises about 20 mg/L to about 100 mg/L of chloride ion. 
51. A method of treating or preventing infection associated 

with abdominal Surgery on a mammal, comprising adminis 
tering to the mammal an effective amount of the solution of 
claim 1. 

52. The method of claim 51, wherein the surgery is inguinal 
hernia Surgery, exploratory laparotomy, appendectomy, or 
laparoscopy. 

53. (canceled) 
54. The method of claim 51, wherein the infection is caused 

by an organism selected from methicilln-resistant S. aureus, 
E. coli, P. aeruginosa, Vancomycin-resistant Enterococcus, 
P. mirabilis, S. marcescens, and C. albicans. 
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